Purpose: To examine the association between obesity and pulmonary arterial hypertension (PAH). Methods: This retrospective case-control study consisted of patients with PAH (N=207) and controls seen at a pulmonary clinic for reasons other than PAH (N=965). All patients were evaluated between 1992 and 2006 at Mayo Clinic in Jacksonville, Florida. Obesity was defined as body mass index (BMI) of 30 kg/m 2 or higher; class II obesity was defined as a BMI between 35.0 and 39.9 kg/m 2 , and class III obesity was defined as a BMI of 40.0 kg/m 2 or higher. Results: Obesity was present in 63 patients with PAH (30%) and 290 controls (30%). Class II or III obesity was present in 34 patients with PAH (16%) and 103 controls (11%), while class III obesity was present in 16 patients with PAH (8%) and 36 controls (4%). After adjustment for age, sex, and thyroid disease in logistic regression analysis, an association between obesity and PAH was not evident (odds ratio [OR], 0.97; P=.87), however non-statistically significant trends were observed toward an association between PAH and class II or III obesity (OR, 1.40; P=.14) and class III obesity (OR, 1.70; P=.11). Conclusions: Our findings do not indicate an association between PAH and obesity in WHO diagnostic group 1 patients. However trends were observed toward more severe class II and III obesity in PAH patients compared to controls, and this requires further study in larger samples.
INTRODUCTION
In the United States, the prevalence of obesity has increased greatly during the past few decades [1] . In 2003-2004, 33% of adults were obese [1] . Obesity has been linked to several serious systemic and cardiopulmonary diseases as well as to increased mortality [2] [3] [4] . The relationship between systemic hypertension and obesity is well established [5] .
Whether individuals who are obese have a greater risk of developing pulmonary arterial hypertension (PAH) is unclear. It has been argued that obesity is not directly linked to PAH [6] . Indeed, Simonneau et al. [7] reported from the 2003 Third World Symposium on Pulmonary Arterial Hypertension, in agreement with the findings of the 1998 symposium on pulmonary hypertension (PH) [8] , that obesity is an "unlikely" risk factor for PAH.
In contrast, some obese patients, e.g., postmenopausal women, seem to be at increased risk of PAH [9] . In addition, obesity has been shown to correlate with elevated pulmonary artery systolic pressure (PASP) [10] . Most research on obesity and PH has focused on use of anorexic agents [11] [12] [13] , sleep apnea [14, 15] , and diastolic dysfunction [16] . The evidence suggests that these 3 conditions are all serious risk factors for PH. Obesity has been considered a possible confounding variable in all these studies.
Overall, there is limited and conflicting literature on whether an association exists between PAH and obesity. The purpose of this study was to investigate the possible relationship between obesity and PAH in patients seen in the general pulmonary and PH clinics at Mayo Clinic.
METHODS

Data Collection
This study was approved by the Mayo Clinic Institutional Review Board. Patient consent was not required by the Institutional Review Board for this "minimal risk" retrospective chart review. Consecutive patients with PAH seen in the PH Center from 1992 to 2006 at Mayo Clinic in Jacksonville, Florida, were studied retrospectively. The control group represented a random sample of patients seen over the same time period in the Pulmonary Clinic at Mayo Clinic for diseases other than PH; specifically, every tenth patient was selected for study inclusion.
The following information was collected from patients in this retrospective study: age, sex, history of thyroid disease, weight, height, and body mass index (BMI). In patients without PAH, the principal complaint or condition prompting evaluation in the pulmonary clinic was recorded.
In patients with PAH, World Health Organization (WHO) functional class and diagnostic group (as described in the next paragraph) and PASP were collected from the medical records. The PASP was determined from procedural reports of right heart catheterization (RHC) or the estimated right ventricular systolic pressure from echocardiography in patients with no evidence of pulmonic valve stenosis. Pulmonary arterial hypertension was defined as a mean pulmonary artery pressure higher than 25 mm Hg or PASP higher than 35 mm Hg at rest [17, 18] . The diagnosis was confirmed by history, physical examination, echocardiography, RHC, and comorbid conditions. If the PASP was not available by RHC, it was assessed by echocardiography. Generally there was no assessment of right heart pressures by RHC in the control group. If echocardiography was performed on these patients, it was reviewed to ensure that the tricuspid regurgitant jet peak velocity was less than 2.8 m/s, and the right atrial pressure was estimated to be normal by analysis of the diameter and respiratory variation of the inferior vena cava. No control patients required exclusion on this basis. Obesity was defined as BMI of 30 kg/m 2 or higher; class II obesity was defined as a BMI between 35.0 and 39.9 kg/m 2 , and class III obesity was defined as a BMI of 40.0 kg/m 2 or higher.
WHO Characteristics
The WHO functional class of I, II, III, or IV was recorded on the basis of medical record review using the standard definition [19] . The WHO functional class at initial consultation was the one recorded and generally available in the physician's notes of the PAH patients. If not available in the note, WHO class was assigned on the basis of the physician's record of the patient's symptom complex.
In the WHO diagnostic grouping [7] , patients categorized in WHO diagnostic group 1 had either idiopathic PAH (IPAH) or associated PAH (APAH). Concomitant conditions in the APAH patients included human immunodeficiency virus infection, history of drug-related PAH, connective tissue disease, congenital systemic-to-pulmonary shunts, and portopulmonary hypertension.
Statistical Analysis
Numerical variables were summarized with the sample median, first quartile, and third quartile. Categorical variables were summarized with number and percentage of patients. Patient characteristics were compared between PAH patients and controls with the Fisher exact test or Wilcoxon rank sum test. In PAH patients, PASP and WHO functional class were compared between obese and nonobese patients using a Wilcoxon rank sum test. Logistic regression models adjusted for age, sex, and thyroid disease were used to investigate associations between obesity and PAH, where obesity was considered in all with a BMI≥30, and in subsets of class II (BMI≥35.0-39.9) and class III (BMI≥40). Odds ratios (ORs) and corresponding 95% confidence intervals (CIs) were esti-mated. In addition, subgroup analysis of the PAH group by WHO diagnostic group (IPAH and APAH) and diagnosis by RHC was performed. Statistical analyses were performed using S-PLUS (version 8.0.1; Insightful Corporation, Seattle, Washington).
RESULTS
A total of 1,172 patients-207 PAH patients and 965 controls without PAH-were evaluated. Table 1 summarizes patient and control characteristics. PAH patients were approximately 6 years younger than controls, included a lower proportion of males (31% vs. 49%), and had a higher prevalence of thyroid disease (25% vs. 13%). The conditions for which the patients in the control group were evaluated in the pulmonary clinic were divided into the following groups: 232 (24%) with obstructive lung disease, 151 (16%) with chronic cough, 188 (19%) with undifferentiated dyspnea, 104 (11%) with abnormal radiographic findings, 54 (6%) with lung cancer, 31 (3%) with bronchiectasis, including atypical mycobacterial disease, and 36 (4%) with interstitial lung disease. The remaining 169 (18%) had miscellaneous conditions, including chest pain, hemoptysis, neuromuscular weakness, pleural disease, pneumonia, acute pulmonary embolism, sarcoidosis, and sleep disorders. The proportion of obese patients (30%) was identical in PAH patients (63/207) and controls (290/965). In logistic regression analysis adjusted for age, sex, and thyroid disease, there was no evidence of an association between obesity and PAH (OR, 0.97; P=.87) ( Table 2) . Analysis was performed investigating associations between obesity and the IPAH and APAH subgroups of WHO diagnostic group 1 and PAH patients whose diagnosis was confirmed by RHC ( Table 2) . Of the 207 PAH patients, 98 (47%) had IPAH and 109 (53%) had APAH. Of the 207 PAH patients, 150 patients (72%) were diagnosed by RHC and 57 (28%) by echocardiography alone. As shown in Table 2 In further evaluation of the association between obesity and PAH, we examined whether higher classes of obesity (class II or III) might be more common in PAH patients than in controls, and the results of this analysis are displayed in Table 3 . We did not observe any statistically significant associations between PAH and class II or III obesity (BMI≥35) or class III obesity (BMI≥40) when adjusting for age, sex, and thyroid disease, however several trends were observed that approached statistical significance. More specifically, class II or III obesity was more common in PAH patients than in controls (16% vs. 11%, OR=1.40, P=0.14), as was class III obesity (8% vs. 4%, OR=1.70, P=0.11). Results were fairly similar for each PAH subgroup ( Table 3) .
In PAH patients, there was no evidence of a difference between obese and nonobese patients regarding either WHO functional class (38% ≤ II vs. 30% ≤ II, respectively; P=.40) or PASP (median, 72 mm Hg vs. 77 mm Hg, respectively; P=.34). Table 4 shows patient characteristics according to WHO diagnostic group. Age was lower in patients in WHO diagnostic group 1 with APAH, and PASP was higher in patients in WHO diagnostic group 1 with IPAH. APAH, associated pulmonary arterial hypertension; CI, confidence interval; IPAH, idiopathic pulmonary arterial hypertension; NA, not applicable; OR, odds ratio; PAH, pulmonary arterial hypertension; RHC, right heart catheterization, BMI=body mass index. *ORs, 95% CIs, and p-values result from logistic regression models adjusted for age, sex, and thyroid disease. ORs are interpreted as the multiplicative increase in the estimated odds of PAH corresponding to presence of obesity and are given in relation to controls.
DISCUSSION
Although obesity has been considered as a possible risk factor for PAH, a potential association has not been studied directly. To our knowledge, our study is the first to have the potential association as its primary focus and to include a control group. We found no evidence to suggest such an association in patients with PAH, WHO diagnostic group 1. Differences were noted between PAH patients and controls regarding age, sex, and thyroid disease; we adjusted for these variables in all analyses to account for their confounding potential. Of note, the difference in thyroid disease has been previously reported [20] . The observed lack of association between obesity and PAH was consistent even when the group was subdivided by IPAH vs. APAH and when only those patients who had RHC as part of the diagnostic evaluation were considered. It is the patients in WHO diagnostic group 1 with PAH in whom obesity has been considered a potential risk factor [9, 10] . Our study findings should serve as evidence against such an association.
Interestingly, although we did not identify an association between PAH and obesity, we did observe associations between PAH and class II or III obesity (BMI≥35) and also with class III obesity (BMI≥40), where these more severe obesity classes were more common in PAH patients than in controls. These associations were not quite statistically significant, however power was lower to detect them due to the fewer patients who were in the higher obesity classes, making the increased rates of class II and III obesity in PAH patients that we observed in our patients noteworthy to mention. Further study is needed to evaluate whether class II or III obesity may be a risk factor for PAH.
There is only scarce literature against which to compare our results. It has been documented that obesity is prevalent in the US adult population (approximately 33%) [1] . As it turns out, the prevalence in both the PAH patients and the controls in our study was 30%, which closely mirrors the general population. It is, therefore, possible that the association of obesity and PAH reported in prior studies simply reflects the increasing obesity prevalence in US adults [9, 10] .
Our PAH patients included some whose diagnosis was made by echocardiography alone. Although echocardiography is a useful tool with reasonable sensitivity and specificity for the estimation of PAH, RHC is the gold standard for the diagnosis [21] . Recognizing that limitation, we elected to examine the PAH subgroup in whom the diagnosis was made by RHC. The results were similar to both the entire PAH group and the controls, indicating that the inclusion of the echocardiography group did not bias our results.
Study Limitations
Several limitations exist regarding the control group. The control group does not consist of healthy controls, but rather patients seen at a pulmonary clinic for reasons other than PAH. Also, the patients in the control group may not have been specifically evaluated to exclude the presence of PAH. The medical histories were reviewed and were not suggestive of PAH, but this may be insensitive. If echocardiography was performed in their evaluation, the echocardiogram was reviewed to ensure that the right heart pressures were not elevated (see Methods).
Additional limitations are that this study is a retrospective analysis from a single center, in which patients were drawn from a tertiary referral practice and may not reflect general medical practice. Also, as previously mentioned, power to detect associations of PAH with class II and III obesity was low due to the relatively small number of patients who were in these higher obesity classes; larger studies are needed to better evaluate the association between PAH and class II and III obesity. Finally, not all patients underwent RHC, as discussed above.
CONCLUSIONS
To our knowledge, this is the first study examining a possible relationship between obesity and PAH to have a control group. Our findings do not indicate an association between PAH and obesity in WHO diagnostic group 1 patients. However trends were observed toward more common class II and III obesity in PAH patients compared to controls, and this requires further study. 
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